Two major difficulties exist in the use of Aspergillus niger v. Tiegh for identification and study of the roles of micronutrients, although these are certainly not unique with this fungus. The water, sucrose, and salts employed may be assumed never to be completely free from impurities of micronutrients. Moreover, increases in yield with apparently non-nutritive elements may be due to biological substitutions and other obscure phenomena and not to essentiality. Decision in some instances is difficult or impossible.
Introduction
Two major difficulties exist in the use of Aspergillus niger v. Tiegh for identification and study of the roles of micronutrients, although these are certainly not unique with this fungus. The water, sucrose, and salts employed may be assumed never to be completely free from impurities of micronutrients. Moreover, increases in yield with apparently non-nutritive elements may be due to biological substitutions and other obscure phenomena and not to essentiality. Decision in some instances is difficult or impossible.
These points have been considered by the writer at various times in the past. It was noted that better provision of micronutrients were paralleled by decreased macronutrient needs (2). Addition of traces of organic compounds to the nutrient solution gave no increases in yield except when micronutrients were deficient in quantity for maximum yield (3) . Deficiencies in potassium or magnesium led to similar increases in yield with sodium and beryllium (5), respectively. Similar results (unpublished) have also been obtained with other apparently non-nutritive elements (Ti, Cb, Pd, etc.) when micronutrients were insufficient for maximum growth. These studies and the present one have been a direct consequence of the effort to obtain sufficient information to serve as a basis for interpretation of such anomalous increases obtained with apparently nonessential elements. The increases were often the results of actual or induced deficiencies in known nutrient elements and not of nutritive functions of the elements under trial.
The phenomena under discussion have also led to a quantitative study of the actual minima of the nutrient elements necessary for maximum yield. Further data are herein presented and should be interpreted particularly in the light of PFEFFER'S (1) conclusion with respect to the mineral nutrition of (higher ) These conclusions were subjected to further test in the experiments of table III. The composition of the "absorption" dibasal is based on the tacit assumption of 100 per cent. absorption of each nutrient element. That of the "unit optima" dibasal is based on actual determinations of the requirement for each nutrient element. Yields are almost maximum and almost identical for both solutions. The reasons for the increases caused by Na, Ti, and Cb require further study since sulphur appeared slightly deficient in quantity. Nevertheless, the results with sodium, titanium, and perhaps columbium surpass those with sulphur, in view of the quantities involved. Emphasis is placed on these data only for the purpose of pointing out that probably no real sulphur deficiency exists in these solutions. That is to say, the sulphur deficiency is an induced one due to proportions still slightly imperfect, or that an unknown deficiency exists.
Each milligram of salt added sufficed for a maximum yield of 9.4 mg.
with the "absorption" dibasal and 9.3 mig. with the "unit optima" dibasal diet. The data respecting niiieronutrient deficiencies and inoculum will be discussed in a later section.
RELATION OF ACIDITY (PH) TO GROWTH
It was pointed out in an earlier section that acidity has a marked effect on the magnesium optimum for growth through its effect on absorption. None of the other macronutrients were so affected by acidity within the range covered. Addition of acid or of substances inducing acidity, either directly or indirectly, would, therefore, result in increased yields and perhaps be used as a basis for claiming essentiality or stimulation.
Although acids other than hydrochloric are also effective, it must be anticipated that differences will be found on further study. Aside from the possible varying effectiveness within the cell, the reduction processes therein must rapidly dispose of aciditv due to nitric or sulphuric acid as compared to hydrochloric.
Examination of table I will disclose that ammonium chloride and potassium chloride were also effective in increasing yields, whereas sodium chloride was not. Their action is probably the result of absorption and utilization of nutrient ions (NH4, K) by the fungus, thus causing residual acidity of the chloride ion to become effective. Increased yields, however, are due wholly to more effective absorption of iiiagnesium and not to acidity in itself.
Some data have also been gathered on the effects of micronutrients on increases in yield with acidity under these conditions. The effects of increased concentrations of hydrochloric acid on yields varied greatly with even slight increases or decreases in proportions of micronutrients.
RESPONSES TO MICRONUTRIENT DEFICIENCIES
The effects of micronutrient deficiencies were surprisingly uniform under all conditions encountered in these experiments. Omission of iron, zinc, manganese, and molybdenum resulted in sharply diminished growth under all conditions. Use of minimum quantities of magnesium and sulfur at pH 7 gave somewhat better results, particularly with copper and gallium in some cultures. Substitution of spectroscopically pure salts for the reagent chemicals would probably have resulted in still further improvement but was not attempted.
THE SPORE FACTOR
Inoculations with an excessively small quantity of spores give cultures of low yield quite susceptible to addition of trace elements. The increases in yield are erratic, however, and not consistently reproduceable. The quantity of spores required for maximum yield is affected by the medium on which they were produced. This is exemplified in table III containing final experiments on size of spore inoculum. A total of 21,500 spores per flask from cultures grown on Czapek agar was found necessary to obtain maximum yields. Spores from cultures grown on the old dibasal solution for about 2 years (25 transfers) were even more effective since 8,700 spores per culture sufficed. Results of micronutrient tests were quite similar with spores from both sources.
The most effective spore concentration for maximum growth varies inversely with duration of growth. Organic substances, particularly glycollic acid and biotin, are also partially effective in minimizing the effects of low inocula. Discussion The major result obtained in this study consists in the proof that the dibasal nutrient solution for Aspergillus niger, and possibly for other organisms as well, contains quantities of all elements equal to or less than those determined as optimum in tests with the individual elements. That is to say, it is possible to obtain maximum yields when all elements are present in minimal quantities. This is the reason for terming the nutrient solution of minimum salt content for maximum yield a dibasal solution. It is basal both with respect to solution and organism (4) .
This demonstration with Aspergillus throws doubt on the correctness of PFEFFER'S interpretation that a nutrient solution of minimal quantities cannot produce maximum yield. Two outstanding sources of error existed in these older studies. The necessity for micronutrients was unknown, as was also the specific effect of chloride in maintaining acidity (optima for K, Ca, Mg were usually determined with the chloride).
Another important result consists in the possibility of computing the composition of the dibasal solution for other organisms from the values for absorption from an approximately dibasal solution. These values in turn could be determined approximately by estimations of the optima for growth in quantity-yield experiments with the individual elements.
In the foregoing discussion emphasis has been placed on the nutrient solution. It will be evident, however, that these data are in effect determinations of the minimal quantity of each nutrient element required for production per unit of yield. This necessarily follows since nutrients are at a minimum, yield is maximum, and absorption complete or practically so. Since each milligram of the macronutrient salt mixture supplied sufficed for 9.4 mg. of yield, each gram of fungus substance produced required a maximum of 106 mg. of macronutrient salts. If the value yield/salts be termed ''efficiency of salt utilization," then its reciprocal is the "minimal salt requirement" per unit of yield.
The relation between magnesium absorption and acidity in contradistinction to the other macronutrients, while important in itself, is also important because of its implications. Acidification, for example, of a nutrient solution might lead to increased yields if magnesium absorption was previously insufficient for maximum yield, whereas it would be ineffective if the mag-nesium content had been increased sufficiently to compensate for decreased absorption at high pH.
Variation in magnesium content of the nutrient solution is not the only means of altering apparent reactions of the organism to acidity. Very slight variations in micronutrient content were found to cause great alterations in the acidity-yield curves with Aspergillus at minimal magnesium content.
All 
